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THE ORBIT PROPERTIES OF COLLIDING CO-ORBITING BODIES 
John  W e  Freeman,  D e p a r t m e n t  o f  Space  P h y s i c s  and Astronomy,  Rice U n i v e r s i t y ,  
Hous ton ,  Texas  77251 
I t  i s  g e n e r a l l y  assumed t h a t  a n  ensemble  o f  small b o d i e s  l o c a t e d  i n  
similar K e p l a r i a n  o r b i t s  w i l l ,  b e c a u s e  of c o l l i s i o n s ,  t e n d  t o  d i s p e r s e  i n t o  
more and more d i s s i m i l a r  o r b i t s .  F o r  example ,  i t  is t h o u g h t  t h a t  t h e  
a s t e r o i d s  may r e p r e s e n t  t h e  r e m n e n t s  of  a few L a r g e r  b o d i e s  t h a t  b roke  up or 
f a i l e d  t o  f u l l y  accrete. AlfvGn and A r r h e n i u s  ( 1 9 7 6 ) ,  A l f v g n  (19711 ,  and 
R a x t e r  and Thompson ( 1971,1973)  and o t h e r s  have  c h a l l a n g e d  t h i s .  AlfvGn 
( 1 9 7 1 ) ,  m a i n t a i n s  t h a t  f o r  t h e  case where  t h e  t i m e  be tween c o l l i s i o n s  is 
Longer t h a n  t h e  o r b i t  p e r i o d  and t h e  c o l l i s i o n s  are e s s e n t i a l l y  i n e l a s t i c  t h e  
o r b i t s  and v e l o c i t i e s  w i l l  become more s i m i l i a r .  T h i s  g i v e s  rise t o  t h e  
c o n c e p t s  of n e g a t i v e  d i f f u s i o n  and j e t  streams. F i g u r e  1 t a k e n  from AlfvGn 
and A r r h e n i u s  ( 1 9 7 6 )  i l l u s t r a t e s  t h e  problem:  noes t h e  arrow of time l e a d  
From f i g u r e  a. t o  b. o r  v i c e  v e r s a .  
We p r o p o s e  t h a t  t h i s  q u e s t i o n  migh t  be i n v e s t i g a t e d  e x p e r i m e n t a l l y  u s i n g  
t h e  s p a c e  s t a t i o n .  An ensemble  of  small  b o d i e s  or p a r t i c l e s  m i g h t  be r e l e a s e d  
g e n t l y  from a c e n t r a l  l o c a t i o n  i n  a l a r g e  chamber ,  much l i k e  t h e  b r e a k i n g  of 
b i l l i a r d  b a l l s  (see F i g u r e  2 ) .  The p a r t i c l e s  would t h e n  c o - o r b i t  and occa- 
s i o n a l l y  c o l l i d e .  T h e i r  s u b s e q u e n t  b e h a v i o r  c o u l d  be m o n i t o r e d  by s e v e r a l  
v t d e o  r e c o r d e r s ,  t h e i r  l i n e a r  and a n g u l a r  v e l o c i t i e s  b e f o r e  and a f t e r  c o l l i -  
s i o n s  c a l c u l a t e d  and t h e i r  g e n e r a l  b e h a v i o r  s t u d i e d .  The e x p e r i m e n t  migh t  be 
v a r i e d  by u s i n g  p a r t i c l e s  of  v a r y i n g  e l a s t i c i t i e s  ( c o e f f i c i e n t  of  r e s t i t u -  
t i o n ) ,  v a r y i n g  masses, and d i f f e r e n t  i n i t i a l  r e l a t i v e  v e l o c i t i e s .  The 
p a r t i c l e s  would be c o l o r e d  t o  make i t  e a s y  t o  f o l l o w  t h e i r  m o t i o n  and c o u l d  be  
s p h e r i c a l  o r  i r r e g u l a r  shaped  and smooth or rough.  T h e i r  s i z e  might  be 
a p p r o x i m a t e l y  t h a t  o f  b i l l i a r d  b a l l s .  Materials c o u l d  be found which would 
b r e a k  up on c o l l i s i o n  and t h e  f a t e  o f  t h e  c o l l i s i o n  p r o d u c t s  f o l l o w e d  and t h e  
s i z e  d i s t r i b u t i o n  s t u d i e d .  lJ.V. l i g h t s  and gas c o u l d  be i n t r o d u c e d  t o  
s i m u l a t i o n  c h a r g i n g  and d r a g  c o n d i t i o n s  found i n  s p a c e  or n e a r  a p r i m o r d i a l  
p l a n e t .  
F i g u r e  3 i l l u s t r a t e s  t h e  p o s s i b l e  r e l a t i v e  mot ion  o f  t w o  b o d i e s  r e l e a s e d  
i n  t h i s  f a s h i o n .  The e x p e c t e d  u l t i m a t e  c o n f i g u r a t i o n  f o r  t h i s  s i m p l e  case i s  
t h a t  t h e  b o d i e s  l i n e  u p  a g a i n  a t  rest in t h e  c e n t e r  of t he  chamber.  
The p roposed  e x p e r i m e n t  r e q u i r e s  a la rge  s p h e r i c a l  or c y l i n d r i c a l  chamber 
a b o u t  14 f e e t  (4.66 m) i n  d i a m e t e r  w i t h  t h r e e  cameras looking i n t o  t h e  chamber  
a l o n g  t h r e e  o r t h o g o n a l  a x e s .  The p a r t i c l e s  w i l l  be  i n  f r e e  o r b i t s  a b o u t  t h e  
c e n t e r  of t h e  chamber ,  t h e r e f o r e ,  t h e  v e r t i c a l  or h o r i z o n t a l  mo t ion  of t h e  
chamber ,  d u e  t o  l o s s  o f  a l t i t u d e  f rom d r a g  or t h r u s t i n g  must n o t  exceed  3 f e e t  
( 1  m )  i n  10 o r b i t s  ( -15 h o u r s ) .  The e x p e r i m e n t  may need t o  r u n  f o r  as l o n g  as 
50 o r b i t s .  It r e q u i r e s  o n l y  i n i t i a t i o n  and  p e r i o d i c  c h e c k s  by t h e  crew t o  
i n s u r e  t h e  cameras are o p e r a t i n g .  Power is r e q u i r e d  t o  o p e r a t e  t h e  cameras 
and l i g h t s ,  50 w a t t s  w i t h  a 10% d u t y  c y c l e ,  and t o  i n i t i a t e  release of t h e  
p a r t i c l e s ,  5 wa t t s  f o r  5 s e c o n d s .  
T h i s  e x p e r i m e n t  c o u l d  y i e l d  r e s u l t s  o f  f u n d a m e n t a l  i m p o r t a n c e  fo r  
t h e o r i e s  of  t h e  o r i g i n  o f  t h e  p l a n e t s ,  t h e  a s t e r o i d s ,  comet s  and p r o b a b l y  r i n g  
s y s  tems . 
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Suqsequent stages i n  the  r e l a t i v e  
motion o f  t w o  e last ic  b a l l s  orbi t ing 
about a l a r g e ,  c e n t r a l  body. 
1 ) Release format ion 
2)&3) Slower  bel l  moves inwsrd,  
(0 o r b i t s )  
a s  f o s t e r  b a l l  moves o u t w a r d  
( 1  /2 orbi t )  
4) Col l is ion 
1 o r b i t )  
5 )  t o  8) P r o c e s s  repeats v i t h  
p r o g r e s s i v e l y  smal ler  r e l a t i v e  
v e l o c i t i e s  
( fo l lowing o r b i t s )  
f i n a l l y  the t w o  bal ls  come t o  r e s t  i n  
contact ,  j u s t  as b e f o r e  r e l e a s e .  
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